Skin cancer is the most common of all cancers. About 35 million cases of skin cancer are diagnosed every year. Malignant melanoma is a dangerous type of skin cancer and it is difficult to treat. Early diagnosis and treatment can increase the survival rate from melanoma. However, the therapeutic treatment is the main option but still it is not feasible for most of the cases. The conventional method of drug release may cause damage to the normal cells present near the abnormal cells due to improper dosage of drug. In order to reduce the impact of drug in normal cells, the flow rate of the drug has to be controlled and the fascination rate of the drug by abnormal cells should be made maximum by targeted drug delivery. The proposed work is to convert the biological system comprising three layers like dermis, subcutaneous tissues, and bones and muscular layers into an equivalent electrical system. The mathematical model for the biological system is determined with its equivalent electrical system, and the tool PSPICE is used to evaluate the fascination and dispersion rate of the drug. In addition to evaluation of fascination and dispersion rate using PSPICE, the fascination rate of drug is measured individually for the three layers as well as for the combination of first two layers (dermis and subcutaneous layers) and for all the three layers using MATLAB. The comparison of the fascination and dispersion rates is done for all the three layers and the same has been analyzed by incorporating a conventional proportional-integral-derivative controller to minimize the dispersion rate.
Introduction
Skin is the outer cover of the human body which protects human body from heat, cold, and so on. The skin is mainly affected due to development of abnormal tissues which is called skin cancer. There are many types of skin cancers under which melanoma skin cancer is the most abundant in nature which is responsible for color of the skin. The various types of cancers were treated by conventional treatment methods. The most widely used method is chemotherapy.
In this method, the drug will be injected into the affected area in order to immobilize the abnormal (cancer) cell in order to extract them from the body. The main drawback of this method is that the overdosage of drug may affect the neighboring cells to immobilize due to uncontrolled delivery of drug. To overcome this, advanced treatment methods have been performed. The advanced treatment methods rectify the problem produced by the conventional method, that is, the drug delivered to the cancer cell is controlled by means of controller by calculating the fascination and dispersion rate of the drug by the cells. Henceforth, the flow of drug can be regulated. Targeted drug delivery system is the advanced method for cancer treatment. The proposed work aims to minimize the dispersion rate by choosing a suitable controller to regulate the flow of drug.
Literature survey
Bhowmik et al. 1 proposed a design on controlled release of drug when compared with traditional drug delivery for the various diagnosis and their drawbacks and discusses about the various parameters like fascination, dispersion, and flow rate to be considered for drug delivery control and extended the work on controlling drug release with respect to time and their dispersion and infusion capacity.
Go´mez et al. 2 proposed a work on modeling and simulation of equivalent circuits in description of biological systems, in which a fractional calculus approach was used in the modeling of the biological system into equivalent electrical system. It also illustrates that in the biological system, there is no conversion of electrical energy into magnetic energy. So the equivalent electrical model should be designed with the help of resistance and capacitance effect by eliminating the inductance effect.
Zhu et al. 3 focus on the control of hypertension by developing a suitable control algorithm which updates variations in time delay and sensitivity of the system. Various self-tuning proportional-integral-derivative (PID) controllers are used. But it evaluates the random response of the system by calculating the relative error to determine the value of time delay and also it is suitable only for first-order time delay systems.
Simakshi and Schubert 4 proposed an automatic drug delivery in anesthesia by developing an algorithm for the automation of drug delivery systems over the last years without the claim of completeness, and the process of drug in each compartment has been observed and it is being modeled; also, it overviews about the techniques of modeling like pharmacokinetic and pharmacodynamic methods.
Florian et al. 5 proposed a design of a nonlinear model predictive control (NMPC) algorithm for the class of chemotherapy problems with drug dosing for breast cancer in mice, and the algorithm developed here may be adaptable to the clinical setting for the treatment of human breast cancer patients.
Tao Chen et al. 6 proposed a work on optimal dosing of cancer chemotherapy using model predictive control (MPC) and moving horizon state/parameter estimation aims to demonstrate that the state of system is not measurable due to unavoidable discrepancies in parameters. Thus, the best method chosen to overcome this problem is MPC. This predicts moving horizon and optimizing techniques to determine the state parameters.
Trajanoski et al. 7 proposed a design on neural predictive controller for insulin delivery using the subcutaneous route on control strategy, which facilitate the design and identification of system through offline by means of optimization tools like neural network and nonlinear predictive control. The simulation results denote the achievement of stable control in the presence of large noise levels, for unknown or variable time delays as well as for slow time variations of the controlled process.
Candas and Radziuk 8 proposed a design on an adaptive plasma glucose controller based on a nonlinear insulin and glucose model to the specific response characteristics of individual patients and illustrate the ability of radial basis function (RBF) networks to model the unknown nonlinearities and improve the closed-loop system characteristics.
Goodwin and Sin 9 proposed a design on adaptive filtering, prediction, and control of nonlinear system, which deals with the design of closed-loop adaptive control based on the generalized predictive control law. The disturbance introduced in the system affirms the robustness and effectiveness of the system. Ansel et al. 10 investigated about the methods for pharmacokinetic modeling of anticancer drugs and the various modeling techniques.
Mathematical modeling
The modeling is achieved by converting the biological network into its equivalent electrical network. 11 The biological system of the skin consists of three layers such as dermis, tissues, and bone and muscles. 12, 13 It can be converted into the equivalent electrical system by substituting the passive elements like resistance and capacitance as shown in Figure 1 . It is observed that the biological system does not convert the electrical energy into magnetic energy.
14 Hence, the inductance is not used in this conversion, only the resistance and capacitance are used for designing the electrical network (Figure 2) .
The values of resistance and capacitance of the skin for the people age ranging from 17 to 70 years are listed in Tables 1 and 2 . In the electrical equivalent system for the skin, the values R a , R b , R c , and R d are the external resistance across the cell wall (Figure 3 ). R 1 and R 2 are the internal resistance of the cell. V 1 is the inlet drug, I 1 and I 2 are the drug flow rates across each compartment, and C 1 and C 2 are drug absorbers in the skin.
The transfer function of the electrical system and the current equation is determined using mesh analysis Similarly by following the procedural steps for deriving Equation (1), the transfer function of each layer is determined and the corresponding equations are given in the next coming sections.
The transfer function of the dermis layer is obtained as Equations (2)-(4) are analyzed using MATLAB software by giving step as a sample input. And also the obtained equivalent electrical circuit is analyzed using PSPICE software to determine the fascination and dispersion rate of drug.
Result and discussion
The electrical system obtained is analyzed using PSPICE tool. The current flow in each compartment indicates the flow of drug through each compartment and inlet voltage indicates the inlet drug. The output voltage is the amount of drug absorbed by the compartment after traveling across each compartment. By this assumption, the electrical system is analyzed. Here, the drug fascination rate and the dispersion rate are analyzed by giving the sample voltage as 1 and 5 V, and it is shown in Figures 4 and 5, respectively . Tables 3 and 4 show the fascination and dispersion rate of the drug by each compartment at different sample inlet voltage (drug), respectively. From Table 3 , it is inferred that when 1 V (assumed to be the drug) is given as input to the network, the amount of drug diffused from the system is found to be 0.04 V and the total fascination rate by all the three layers is 0.96 V. The dispersion rate of drug is given by the below equation Table 4 , it is inferred that when 5 V (assumed to be the drug) is given as input to the network, the amount of drug diffused from the system is found to be 0.026 V and the total fascination rate by all the three layers is 4.973 V.
The response plot for each layer like dermis, tissue, and the total compartment (dermis, tissue, bone and muscles) indicates the amount of drug absorbed by each layer. The fascination capacity of each layer is obtained by calculating the area under each curve Area = 1 3 bh + lb where b is breadth of the triangle considered, h is height of the triangle considered from the plot, l is length of the rectangle considered, and b is breadth of the rectangle considered from the plot. From Figure 6 , it is observed that the fascination rate for dermis layer is found to be 0.58 mg. The absorbing capacity is less while compared to other two layers and the inlet drug starts penetrating into the cell from 2 mg.
From Figure 7 , it is observed that the fascination rate for dermis and tissue layer is found to be 1.40 mg. The absorbing capacity for the first two layers is more when compared to first layer alone and also the inlet drug starts penetrating form 3 mg.
From Figure 8 , it is observed that the fascination rate for total compartment is found to be 3.40 mg. The absorbing capacity of the total layers is more when compared to other layers alone and the penetrating rate begins at 4.5 mg. From the above results, it is observed that when the drug is injected into the cells without using controller, it varies with respect to each layer and deviates from the given set point. Table 5 shows that the fascination capacity of each layer increases gradually, which means that the amount of cells present in each layer increase gradually.
Simulink model for drug delivery system with controller
The Simulink model for drug delivery system with controller is shown in Figure 9 . From Figure 10 , it is inferred that the drug is controlled using the PID controller and it starts decay from 5 mg as set point and settles at 3.5 mg at short period of time; thus, the controller controls the flow of drug by the skin layer.
Conclusion and future scope
In this paper, the suitable electrical system for the biological system is designed and the mathematical modeling has been determined by substituting the minimal values of the resistance and capacitance for the skin. Simulation studies have been carried out in MATLAB for the obtained model. The response of each compartment is analyzed which determines the decay of drug with respect to time, that is, fascination of drug increases when time increases, which indicates flow rate of drug decreases from compartment to compartment and also the response of the system with the controller is analyzed. By means of a suitable controller, the amount of drug fed at the inlet can be adjusted to minimize the dispersion rate. The rate of fascination and dispersion has to be examined for different body parameters based on age and various skin types like dry and oily skin to enhance the diagnosis.
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